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FIG. 1

Menu Buttons whose images are decoded from ODS
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F1G. 2B

Interactive Graphic Data in the form of successive PES packets
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FIG. 3

Interactive Compostion Segment Syntax

Interactive_page_composition_segment () {

sync_byte

segmet_type

reserved

segment_length

page_time_out_pts

selection_time_out_pts

UO_mask

page_version_number

page_state

ref_to_CLUT . id

reserved_for_byte_align

number_of button_entries

animation_frame rate_code

default_selected_button_number

default_activated button_number

number_of windows (//number_of_windows <=99)

for (window_id=0; window_id < number_of_windows;i++){
window_horizontal _address
window_vertical _address
window_width
window_height

}

for (i=0; 1 < number_of_button_entries; i++){

button_number

numberically_selectable_flag

auto_action_falg

reserved

neighbour_info () {
upper_button_number
lower button number
left_button_number
right_button_number

}

normal _state info(){

start_object_id_normal
end_object_id _normal
repeat_normal_flag

}

selected_state_info(){

start_object_id_selected
end_object_id_selected

\ repeat_selected_flag

actioned_state_info(){
start_object_id_activated
end_object_id_activated
repeat_actioned_flag

}

num_of button_commands
for(command_id=0;
command_id < num_of_button_commands;
command_id ++) {
} button_command_id ++) {
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FIG. 4

CLUT Definition Segment Syntax

CLUT _definition_segment () {

sync_type

segment_type

reserved

segment_length

CLUT_id

reserved

for (color_index=0; color_index <256; color_index++)
CLUT _entry_id
Y-value

Cr-value
Cb-value

T-value
}

FIG. S

Object Definition Segment Syntax
Object_definition_segment () {
sync_byte
segment_type
reserved
segment_length
last_in_sequence
reserved
object_data_piece () {
object_id
reserved
object_width
object_height
do{ run_length_code
} while (run_length_code ! = '00000000 0000000 °

FIG. 6

End of Display set Segment Syntax

end_of_display_set_segment () {
sync_byte
segment_type
reserved
segment_length
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F1G. 8

_ _ Page
Presentation Graphic Data
Object m
(subtitle) @
Object n
(subtitle)

FIG. 9

Presentation Graphic Data

( PTS_ODS2)
( PTS_ODS1) (PTS_ODS k)

Color Look-up Table Definition Segment

Page Composition Segment End of Display set Segment
(PTS_PCS : PTS_ODS1 <= PTS_PCS <PTS_ODS k)
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FIG. 10

Page Compostion Segment Syntax

page_composition_segment () {
sync_byte
segment_type
reserved
segment_length
page_time_out
page_version_number
page_state
ref to CLUT .id
reserved
number_of_object_entries
if (i=0; i<unmber_of_object_entries; i++) {

ref_to_object_id

iS_object_crpping

ref _to_window_id

object_horizontal_address

object_verticall_address

if (is_object_cropping) {
object_horizontal_cropping
object_verticall_cropping
object_cropping_width
object_cropping_height
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RECORDING MEDIUM HAVING DATA
STRUCTURE INCLUDING GRAPHIC DATA
AND RECORDING AND REPRODUCING
METHODS AND APPARATUSES

The present invention claims priority under 35 U.S.C. 119
on Korean Application No. 10-2003-044206 filed Jul. 1,

2003; the contents of which are incorporated by reference 1n
their entirety.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a recording medium hav-
ing data structure including graphic data to be used for amenu
page etc. of main video data recorded thereon as well as
methods and apparatuses for reproduction and recording the
data structure.

2. Description of the Related Art

High-density optical disks such as DV Ds (Digital Versatile
Disk) capable of storing large amounts of high-quality digital
video/audio data have been widely used. In addition, optical
disk apparatuses using the DV D, for example, DVD players
or DVD recorders are also widely used.

In general, the DVD includes subtitle data such as caption
or logo as well as main video data recorded thereon. The
subtitle data, which 1s graphic data, 1s presented along with
the main video data. That 1s, the optical disk apparatus reads
main video data and subtitle data and combines them to
successive video frames where subtitle data 1s overlapped.
The successive video frames are displayed onto an external
displaying apparatus, €.g., a television set. Consequently, a
user can view main video reproduced from the DVD with
captions or logos of subtitle data.

In the meantime, an optical disk with higher density than
the DVD 1s being standardized among related companies. A
BD-ROM (Blu-ray Disk ROM) 1s an example of the higher-
density optical disk. The BD-ROM also needs auxiliary
graphic data to be used for selection of reproduction control
and/or for additional information display besides main video
data recorded thereon. Therefore, how to record such auxil-
l1ary graphic data to ensure 1ts effective display to a user 1n
reproduction 1s an 1ssue 1n the standardization.

SUMMARY OF THE INVENTION

It 1s an object of the present invention to provide a record-
ing medium having auxiliary graphic data whose recording
structure 1s to ensure user-friendly display thereotf, and meth-
ods and apparatuses for recording and reproducing the
graphic data on such a recording medium.

A recording medium having recorded graphic data struc-
tured according to the present mvention, comprises: a main
data stream 1ncluding at least video data; and a graphic data
stream being used for graphic presentation for the recorded
main data stream, wherein the graphic data stream includes at
least one display set, the display set includes at least one
composition segment and at least one data definition segment,
and a presentation time stamp written 1n the composition
segment 1s greater than a presentation time stamp written 1n
the data definition segment.

Another recording medium having recorded graphic data
structured according to the present invention, comprises: a
main data stream including at least video data; and a graphic
data stream being used for graphic presentation for the
recorded main data stream, wherein the graphic data stream
includes at least one composition segment and a plurality of
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2

data definition segments, each of the segments 1s correspond-
ing to a single PES (Packetized Elementary Stream) packet,
and a presentation time stamp written 1n a PES packet of the
composition segment 1s not smaller than a presentation time
stamp written in another PES packet of a last data definition
segment among the plurality of the data definition segments.

In one embodiment, the composition segment 1s interactive
composition segment to be used for composition of menu
screens.

In another embodiment, a presentation time stamp of the
composition segment 1s greater than a presentation time
stamp of a first object definition segment among the plurality
of object definition segments.

In yet another embodiment, a presentation time stamp of
the composition segment 1s not smaller than a presentation
time stamp of a last object definition segment among the
plurality of object defimition segments.

The present mvention further provides apparatuses and
methods for recording and reproducing the data structure of
graphic data according to the present invention, and recording
and reproducing according to the present invention.

BRIEF DESCRIPTION OF THE DRAWINGS

The above features and other advantages of the present
invention will be more clearly understood from the following
detailed description taken 1n conjunction with the accompa-
nying drawings, 1n which:

FIG. 1 shows an example of displayed screen where inter-
active graphic data 1s presented;

FIG. 2A 1llustrates a data structure of interactive graphic
data, which will be displayed like FIG. 1, recorded on a
recording medium in accordance with the present invention;

FIG. 2B shows schematic recording scheme of a main
video data stream and an auxiliary graphic data stream:;

FIG. 3 shows syntax of an interactive composition seg-
ment,

FIG. 4 shows syntax of a color look-up table definition
segment;

FIG. 5 shows syntax of an object definition segment;

FIG. 6 shows syntax of a display set end segment;

FIG. 7 1llustrates a schematic diagram of an embodiment of
an optical disk recording and reproducing apparatus accord-
ing to the present invention;

FIG. 8 shows an example of displayed screen where sub-
title graphic data 1s presented;

FIG. 9 1llustrates a data structure of subtitle graphic data,
which will be displayed like FIG. 8, recorded on a recording
medium 1n accordance with the present invention; and

FIG. 10 shows syntax of a page composition segment.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

In order that the mnvention may be fully understood, exem-
plary embodiments thereof will now be described with refer-
ence to the accompanying drawings.

The data structures according to the present invention com-
prise navigation iformation for managing presentation of
auxiliary graphic data recorded on the recording medium.

The data structures writing according to the present inven-
tion may be applicable to the manufacturing process in case of
a read-only disk like BD-ROM.

The auxiliary graphic data 1s recorded on a recording
medium 1 accordance with the present invention besides
main video data. There are two types of the auxiliary graphic
data. One type 1s presentation graphic data for embodying
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ordinary graphics such as subtitles and the other 1s interactive
graphic data to compose menu pages etc. for user interfacing.
The basic syntactic element of the graphic data i1s called
‘Segment’ that 1s corresponding to a single PES (Packetized
Elementary Stream) packet. Some segments are grouped to a
display set that will compose a completed screen of graphics
called ‘Display Update’.

FIG. 1 shows an example of displayed screen where inter-
active graphic data 1s presented. The display example of FIG.
1 1s presented by processing an ICS (Interactive Composition
Segment) having at least one menu page including informa-
tion on six menu buttons. An image for each button 1s written
in an ODS (Object Definition Segment). Because the menu
button information 1n ICS has ID of an associated object, an
object in ODS whose ID 1s designated by the menu button
information 1s presented as the button. In addition, the menu
button information has different object IDs for different states
of same button, so that different images can be displayed for
different states of same button (101,102).

FI1G. 2 A 1llustrates a data structure of graphic data recorded
on a recording medium 1n accordance with the present mnven-
tion. The data structure of FIG. 2A will be displayed later as
shown 1n FIG. 1. In the data structure of FIG. 2A, the first
segment 1s ICS that includes information about menu pages
and all buttons included 1n the pages, the second 1s CDS
(Color lookup table Definition Segment) that defines palette
for graphic planes, and successive ODSs follow the CDS.
Each ODS includes information and actual graphic data for
objects, e.g., buttons to be displayed on menu pages. The last
object 1s END (End of Display set segment) to indicate the
end of a display set. The plurality of ODSs may be arranged
in order of normal, selected, and activated state as 1llustrated
in FIG. 2A.

The graphic data structured as shown 1n FIG. 2A 1n accor-
dance with the present mvention is interleaved with main
video data on a recording medium as illustrated 1n FIG. 2B.
For such interleaving, a series of PES packets constituting the
graphic data stream and another series of PES packets con-
stituting the main video data stream are all sliced and then
every slice 1s packetized to a transport packet. Then, the
transport packets of the main video data and the graphic data
are multiplexed and recorded on a recording medium.

Each source packet, namely, each PES packet correspond-
ing to each segment has PTS (Presentation Time Stamp) 1n 1ts
header to be used for presentation time control and DTS
(Decoding Time Stamp) 1n its header to be used for decoding
time control. By the way, the PTS to be written 1n each PES
packet 1s subject to the following condition 1n accordance
with the present invention.

The PTS ‘PTS_ICS’ 1n a PES packet of ICS must be greater
than the PTS ‘PTS_ODS1_n"1n a PES packet of the first ODS
‘ODS 1_n’ that will be decoded first among ODSs. This
condition 1s to ensure that ICS 1s processed after graphic data
of at least the first ODS 1s decoded and then butifered.

The PTS of ICS may be smaller than the PTS ‘PTS_OD-
Sk n’ of the last ODS 1in normal-state ODSs which will be
displayed last in the display set or smaller than PTS
‘PTS_ODSk_a’ of the last ODS 1n the display set, namely, the
last ODS ‘ODS k_a’ that includes image data for the acti-
vated-state objects.

If the PTS 1n a PES packet corresponding to the ICS 1s
greater than PTS 1n another PES packet of the first ODS,
namely PTS_ICS>PTS_ODS 1_n, and 1s smaller than PTS of
another PES packet of the normal-state last ODS ‘ODS k_n’,
namely, PTS_ICS<PTS_ODSKk_n, an optical disk apparatus
being capable of reproducing the auxiliary graphic data
recorded as above can display a menu page including at least
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4

one menu button because there 1s a bitmapped menu button
image already decoded from an ODS whose PTS precedes the
ICS when the ICS 1s processed.

If the PTS 1n a PES packet corresponding to the ICS 1s
equal to or greater than PTS 1in another PES packet of the last
ODS “0ODS k_a’, the optical disk apparatus can display a
menu page mcluding all menu buttons at a time because all
the bitmapped menu button 1mages have been decoded from
ODSs (ODS1_n,ODS2 n,...,0ODSk_n,...,O0ODS _k a)
and are ready when the ICS 1s processed.

Consequently, a complete menu screen including neces-
sary all menu buttons can be provided for a user very rapidly.

On the other hand, the PTS “1n a PES packet corresponding,
to the ICS 1s equal to or greater than PTS ‘PTS_ODSk _n’ in
another PES packet of the normal-state last ODS ‘ODS k_n’
or 1s equal to or greater than PTS ‘PTS_ODSKk_s’ 1in another
PES packet of the selected-state last ODS ‘ODS k_s’.

The ICS has the syntactic structure shown in FIG. 3. The
ICS includes table elements such as page time-out PTS ‘pag-

¢_time_out_pts’, selection time-out PTS ‘selection_tim-
¢_out_pts’, and CLUT (Color Look _Up Table) ID ‘ref_

to_CLUT_1d’ to point to an associated CLUT.

The ICS also has information on all buttons to be displayed
onto its menu pages as given 1n FIG. 3. There are three types
in the button information. The first type 1s for normal state, the
second for selected state and the third for activated state. The
normal state button information ‘normal state info’ includes
ID of start object ‘start_object_1d _normal” and ID of end
object ‘end_object_id_normal’. The selected state button
information ‘selected_state info’ includes ID of start object
‘start_object_id_selected’ and ID of end object ‘end_objec-
t 1d selected’. The activated state button i1nformation
includes ID of start object ‘start_object_i1d_activated” and ID
of end object ‘end_object_i1d_activated’.

Ifthe IDs of start and end object are different each other, the
objects from the start to the end inclusive are displayed
sequentially to show animated display. The animation display
rate 1s defined by the field of animation frame rate code
‘animation frame rate code’.

The CDS has the syntactic structure shown in FIG. 4. The
CDS 1ncludes table elements such as sync byte ‘sync_byvte’,
type of segment ‘segment_type’, length of segment ‘seg-
ment_length’, ID of CLUT ‘CLUT_1d’, and, for each color
index, ID of CLUT entry ‘CLUT _entry_1d’, luminance value
“Y-value’, red-chrominance value ‘Cr-value’, blue-chromi-
nance value ‘Cb-value’, and transparency value “T-value’.

FIG. 5 shows the syntactic structure of the ODS. The ODS
includes sync byte ‘sync_byte’, type of segment ‘seg-
ment_type’, length of segment ‘segment_length’, a plurality
of object data pieces ‘object_data_piece’, and so on. Each of
the object data pieces includes object ID ‘object_i1d’, width of
an object ‘object_width’, height of an object ‘object_height’,
and run-length code field ‘run_length_code’ where graphic
data pertaining to object 1s encoded.

FIG. 6 shows the syntactic structure of the END. The END
includes sync byte ‘sync_byte’, type of segment °‘seg-
ment_type’, and length of segment ‘segment_length’.

FIG. 7 illustrates a schematic diagram of an embodiment of
an optical disk recording and reproducing apparatus accord-
ing to the present invention. As shown, an AV encoder 9
receives and encodes audio and video data and/or auxiliary
graphic data. The AV encoder 9 outputs the encoded audio
and video data along with coding information and stream
attribute 1nformation. A multiplexer 8 multiplexes the
encoded audio and video data and the graphic data based on
the coding information and stream attribute information to
create, for example, an MPEG-2 transport stream consisting
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ol successive transport packets. A source packetizer 7 pack-
ctizes the transport packets from the multiplexer 8 into source
packets in accordance with the audio/video format (and/or
graphic data format) of the optical disk. As shown in FIG. 7,
the operations of the AV encoder 9, the multiplexer 8 and the
source packetizer 7 are controlled by a controller 10. The
controller 10 recerves user input on the recording operation,
and provides control information to AV encoder 9, multi-
plexer 8 and the source packetizer 7. For example, the con-
troller 10 instructs the AV encoder 9 on the type (A/V or
graphic data) of encoding to perform, instructs the multi-
plexer 8 on the transport stream to create, and instructs the
source packetizer 7 on the source packet format. The control-
ler 10 further controls a drive 3 to record the output from the
source packetizer 7 on the optical disk.

The controller 10 also creates the navigation information
for managing reproduction of the audio/video data and
graphic data being recorded on the optical disk. For example,
based on information received via the user iterface (e.g.,
istruction set saved on disk, provided over an intranet or
internet by a computer system, etc.) the controller 10 controls
the drive 3 to record necessary management data.

In addition, the controller 10 controls encoding process of
the AV encoder 9 such that the graphic data 1s structured in
FIGS. 2A and 2B and 3 to 6.

Especially, the controller mstructs the AV encoder 9 to
write PTSs 1n each header of encoded PES packets such that
PTS for an ICS 1s equal to or greater than PT'S for the normal-
state last ODS ‘ODS k_n’, the selected-state last ODS ‘ODS
k_s’, or the activated last ODS ‘ODS k_a’.

In the process of reproduction, the controller 10 controls
the drive 3 to reproduce this data structure from the optical
disk. Based on the information contained therein, as well as
user input received over the user interface (e.g., control but-
tons on the recording and reproducing apparatus or a remote
associated with the apparatus), the controller 10 controls the
drive 3 to reproduce the audio/video and/or graphic data
source packets from the optical disk. For example, the user
input may specily a title to reproduce from a title domain or a
menu from menu domain. This user input may be specified,
for example, via a menu based graphical user interface pre-
programmed nto the controller 10 or via menu buttons
included 1n a menu composed by processing of a certain ICS
at user’s request. Using the user input and the navigation
information reproduced from the optical disk, the controller
10 controls the reproduction of a title. For receiving the user
inputs, the controller 10 reads and processes the auxiliary
graphic data recorded on the optical disk to compose a menu
screen, as explained above 1n detail.

The reproduced source packets are recetved by a source
depacketizer 4 and converted into a data stream (e.g., an
MPEG-2 transport stream). A demultiplexer 5 demultiplexes
the data stream into encoded video and audio data and/or
graphic data. An AV decoder 6 decodes the encoded data to
produce the original audio and video data and/or graphic data
that was feed to the AV encoder 9. The graphic data 1s pro-
cessed when a menu 1s requested from a user. In the graphic
data processing, normal state ODSs are decoded and stored 1n
a butler (not figured) before processing ICS because the nor-
mal state ODSs precede the IDS 1n PTS. A complete menu
screen 1s composed with the already-decoded button 1mages
stored 1n the buller by execution of the ICS. After processing
the ICS, the controller 10 knows the relations among buttons
and among menu pages and other button-related operation
information. Theretfore, the controller 10 can conduct an
operation associated with a selected button or an execution-
requested button. In the event that a button is selected or
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activated, an already-decoded graphic image of the button
object 1n corresponding state ODS (ODS 1_s, ..., ODSKk_s,

ODS 1_a,...,or ODS k_a) stored 1n the buifer replaces the
normal state button 1image 1n the displayed menu page.

During the reproduction of audio/video data and graphic
data, the controller 10 controls the operation of the source
depacketizer 4, demultiplexer 5 and AV decoder 6. The con-
troller 10 recetves user mput on the reproducing operation,
and provides control information to AV decoder 6, demulti-
plexer 5 and the source packetizer 4. For example, the con-
troller 10 1nstructs the AV decoder 9 on the type of decoding
to perform and on menu page composition, instructs the
demultiplexer 5 on the transport stream to demultiplex, and
instructs the source depacketizer 4 on the source packet for-
mat.

While FIG. 7 has been described as a recording and repro-
ducing apparatus, 1t will be understood that only a recording
or only a reproducing apparatus may be provided using those
portions of FIG. 7 providing the recording or reproducing
function.

In the meantime, the BD-ROM can store presentation
graphic data to be used not for user interfacing but for infor-
mation display. FIG. 8 illustrates such a graphic page.

In the display example of FIG. 8, two subtitle objects
(Objects #m, #n) are displayed thereon. Information of the
objects 1s included 1n a PCS (Page Composition Segment),
color information therefor 1s included 1n a CDS, and bait-
mapped 1mages thereof 1s included 1n ODSs. In the page of
FIG. 8, a video scene decoded from main video data repro-
duced from a BD-ROM may be displayed onto a screen area
where the subtitle objects are not displayed.

FIG. 9 illustrates the structure of graphic data to compose
a subtitle graphic page like FIG. 8. In the data structure of
FIG. 9, the first segment 1s PCS that includes information for
a graphic page and all objects to be included 1n the page, the
second 1s CDS that defines palette for the graphic plane, and
at least one ODS follows the CDS. Each ODS includes bit-
mapped graphic data for the objects to be displayed on the
subtitle graphic page. The last object is END (End of Display
set segment) to indicate end of a display set.

Each source packet, namely, each PES packet correspond-
ing to each segment has PTS (Presentation Time Stamp) to be
used for presentation time control and DTS (Decoding Time
Stamp ) to be used for decoding time control. By the way, the
PTS to be written in each PES packet 1s subject to the follow-
ing condition 1n accordance with the present invention.

The PTS ‘PTS_PCS’ 1n a PES packet of PCS must be
greater than the PTS ‘PTS_ODS 17 1n a PES packet of the first
ODS that will be displayed first among ODSs. This condition
1s to guarantee that PCS 1s processed after graphic data of at

least the first ODS 1s decoded and buftered.

If the PTS 1n a PES packet corresponding to the PCS 1s
greater than PTS 1n another PES packet of the first ODS,
namely PTS_PCS>PTS_ODS 1, and 1s smaller than PTS of
another PES packet of the last ODS, namely,
PTS_ICS<PTS_ODS k, the optical disk apparatus being
capable of reproducing the auxiliary graphic data recorded as
above can display a graphic page including at least one object
image because there 1s bitmapped 1mage data decoded from
an ODS whose PTS precedes the PCS when the PCS 1s
processed.

For example, 11 the PTS ‘PTS_PCS’ 1n a PES packet cor-
responding to the PCS 1s equal to PTS ‘PTS_ODS 2°
another PES packet of the second ODS ‘ODS 2’, the optical

disk apparatus can compose and display a graphic page speci-
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fied by the PCS with decoded bitmapped object images the
moment or just after the first and the second ODS (ODSs 1
and 2) are decoded.

The PCS has the syntactic structure shown in FIG. 10. The
PCS 1includes table elements such as page time-out informa-
tion ‘page time_out’, page state information ‘page state’,
and CLUT ID ‘ref_to_CLUT_id’ to point to an associated
CLUT. The PCS also includes other information fields for
linking graphic objects 1n ODSs and their presentation con-
trol.

The above explanation about operation of the recording/
reproducing apparatus given in F1G. 7 1s also applicable to the
data structures shown 1n FIGS. 9 and 10 except that a graphic
page has graphic objects without interactive menu buttons.

The present 1nvention, disclosed with respect to a limited
number of embodiments, displays a graphic page, ¢.g. a menu
page including at least one object image after reading graphic
data recorded on a recording medium, whereby, a user can
know easily and rapidly screen change from main video to
graphic plane.

While the invention has been disclosed with respect to a
limited number of embodiments, those skilled in the art,
having the benefit of this disclosure, will appreciated numer-
ous modifications and variations therefrom. It 1s intended that
all such modifications and variations fall within the spirit and
scope of the invention.

What 1s claimed 1s:

1. A recording medium having an executable data structure
for managing reproduction of a data stream recorded thereon
by a reproducing apparatus, comprising:
a main data stream 1ncluding at least video data; and
a graphic data stream associated with the main data stream,
the graphic data stream including at least one display set,
cach display set for a complete display of graphics, the
display set including a composition segment and at least
one data definition segment, the composition segment
including management information for managing repro-
duction of graphic imnformation provided by the at least
one data definition segment, the data definition segment
including object data referred to by the composition
segment, the composition segment and the data defini-
tion segment each including a presentation time stamp,

wherein the presentation time stamp of the composition
segment within the display set 1s equal to or greater than
the presentation time stamp written 1n a first data defi-
nition segment within display set and 1s smaller than the
presentation time stamp written in a last data definition
segment within the display set.

2. The recording medium of claim 1, wherein the compo-
sition segment 1includes information of a menu button to be
displayed within a menu screen, and the data definition seg-
ment 1includes 1image data of the menu button.

3. The recording medium of claim 2, wherein the informa-
tion of a menu button 1s for location and size of the menu
button and for linked relation between the menu button and
other buttons.

4. The recording medium of claim 2, wherein the informa-
tion of a menu button includes an ID indicative of a button
image included in the data definition segment.

5. The recording medium of claim 2, wherein button
images of different states of a button are written 1n different
data definition segments.

6. The recording medium of claim 1, wherein the display
set further includes another segment having color control
information for data images included 1n the data definition
segment.
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7. The recording medium of claim 1, wherein the main data
stream and the graphic data stream are interleaved each other.
8. The recording medium of claim 1, wherein the presen-
tation time stamp indicates one of when a segment 1s ready for
presentation and when the segment 1s beginning presentation.
9. A recording medium having an executable data structure
for managing the reproduction of a data stream recorded
thereon by a reproducing apparatus, comprising:
a main data stream including at least video data; and
a graphic data stream associated with the main data stream,
the graphic data stream including at least one display set,
cach display set for a complete display of graphics, the
display set including a composition segment and at least
one data definition segment, the composition segment
including management information for managing repro-
duction of graphic information provided by the data
definition segment, each of the segments to correspond
to a single PES (Packetized Elementary Stream) packet,

wherein a presentation time stamp written 1n a PES packet
of the composition segment within the display set 1s
equal to or greater than a presentation time stamp written
in another PES packet of a first data definition segment
among the at least one data definition segment within the
display set and 1s smaller than a presentation time stamp
written 1n another PES packet of a last data definition
segment among the one or more data definition segments
within the display set.

10. The recording medium of claim 9, wherein the compo-
sition segment includes information of menu buttons to be
displayed within a menu screen, and the data definition seg-
ment 1includes 1image data of the menu buttons.

11. The recording medium of claim 9, wherein the display
set further includes another segment having color control
information for data images included in the data definition
segment.

12. The recording medium of claim 9, wherein the graphic
data stream further includes at least one composition segment
and at least one data definition segment being used for com-
position of a subtitle graphic screen.

13. The recording medium of claim 9, wherein the at least
one data definition segment includes 1image data of normal-
state objects.

14. The recording medium of claim 9, wherein the at least
one data definition segment includes 1image data of selected-
state objects.

15. The recording medium of claim 9, wherein the at least
one data definition segment includes 1image data of activated-
state objects.

16. A method for recording a data structure including at
least one data stream on a recording medium, comprising:

generating a graphic data stream being used for main video

data stream, the graphic data stream including at least
one display set, each display set for a complete display
of graphics, the display set including a composition
segment and at least one data definition segment, a pre-
sentation time stamp written in the composition segment
within the display set being equal to or greater than a
presentation time stamp written 1n a first data definition
segment within the display set and being smaller than a
presentation time stamp written in a last data definition
segment within the display set; and

recording the generated graphic data stream together with

the video data stream on the recording medium.

17. The method of claim 16, wherein the composition
segment 1ncludes mformation of menu buttons to be dis-
played within a menu screen, and the data definition segment
includes 1image data of the menu buttons.
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18. The method of claim 16, wherein the display set further
includes another segment having color control imnformation
for data images included in the data definition segment.

19. A method for recording a data structure including at
least one data stream on a recording medium, comprising:

generating a graphic data stream being used for main data
stream, the graphic data stream including at least one
display set, each display set for a complete display of
graphics, the display set including a composition seg-
ment and at least one data definition segment, each of the
segments corresponding to a single PES (Packetized
Elementary Stream) packet, a presentation time stamp
written 1 a PES packet of the composition segment
within the display set being equal to or greater than a
presentation time stamp written 1n another PES packet
of a first last data definition segment of the at least one
data defimition segment within the display set and being
smaller than a presentation time stamp written in another
PES packet of a last data definition segment among the
one or more data definition segments within the display
set; and

recording the generated graphic data stream together with
the main data stream on the recording medium.

20. The method of claim 19, wherein the composition
segment 1ncludes mformation of menu buttons to be dis-
played within a menu screen, and the data definition segment
includes 1mage data of the menu buttons.

21. The method of claim 19, wherein the composition
segment and the definition segment are grouped to a display
set to be composed to a complete screen.

22. The method of claim 19, wherein the presentation time
stamp indicates one of when a segment 1s ready for presen-
tation and when the segment 1s beginning presentation.

23. An apparatus for recording a data structure including at
least graphic data stream on a recording medium, comprising:

a recording device configured to record data on the record-
ing medium;
an encoder configured to encode the data; and

a controller configured to control the encoder to encode a
graphic data stream to successive packets, the graphic
data stream including at least one display set, each dis-
play set for a complete display of graphics, the display
set including a composition segment and at least one
data definition segment, each of the segments corre-
sponding to a single packet, such that a presentation time
stamp written 1n a packet pertaining to the composition
segment within the display set 1s equal to or greater than
a presentation time stamp written in another packet per-
taining to a first data definition segment within the dis-
play set and 1s smaller than a presentation time stamp
written 1n a last data definition segment within the dis-
play set, and configured to control the recording device
to record the encoded graphic data stream on the record-
ing medium.

24. The apparatus of claim 23, wherein each of the seg-

ments 1s organized to a single PES (Packetized Elementary
Stream ) packet.

25. The apparatus of claim 23, wherein the composition
segment 1ncludes mmformation of menu buttons to be dis-
played within a menu screen, and the data definition segment
includes 1mage data of the menu buttons.

26. The apparatus of claim 23, wherein the display set
turther includes another segment having color control 1nfor-
mation for data images included 1n the data definition seg-
ment.
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277. The apparatus of claim 23, wherein the presentation
time stamp 1ndicates when a segment 1s ready for presentation
or when the segment 1s beginning presentation.

28. An apparatus for recording a data structure including at
least graphic data stream on a recording medium, comprising:

a recording device configured to record data on the record-
ing medium;

a controller configured to control an encoder to encode a
graphic data stream to successive packets, the graphic
data stream 1ncluding at least one display set, each dis-
play set for a complete display of graphics, the display
set including a composition segment and at least one
data definition segment, each of the segments corre-
sponding to a single packet, such that a presentation time
stamp written 1n a packet pertaining to the composition
segment within the display set 1s equal to or greater than
a presentation time stamp written in another packet per-
taining to a first data definition segment of the at least
one data defimition segment within the display set and 1s
smaller than a presentation time stamp written in another
PES packet of a last data definition segment among the
one or more data definition segments within the display
set, and configured to control the recording device to
record the encoded graphic data stream on the recording
medium.

29. The apparatus of claim 28, wherein the composition
segment 1ncludes information of menu buttons to be dis-
played within a menu screen, and the data definition segment
includes image data of the menu buttons.

30. The apparatus of claim 28, wherein the composition
segment and the definition segment are grouped to a display
set to be composed to a complete screen.

31. The apparatus of claim 28, wherein the presentation
time stamp idicates when a segment 1s ready for presentation
or when the segment 1s beginning presentation.

32. A method for reproducing a data structure including at
least graphic data stream recorded on a recording medium,
comprising;

reading a graphic data stream from the recording medium,
the graphic data stream including at least one display set
for a complete display of graphics, the display set
including a composition segment and at least one data
definition segment, each of the segments to correspond
to a single PES (Packetized Elementary Stream) packet;
and

presenting the graphic data stream according to each pre-
sentation time nformation of each segment of the
graphic data stream,

wherein a presentation time stamp written 1n a PES packet
of the composition segment within the display set is
equal to or greater than a presentation time stamp written
in another PES packet of a first data definition segment
of the at least one data definition segment within the
display set and 1s smaller than a presentation time stamp
written 1n another PES packet of a last data definition
segment among the one or more data definition segments
within the display set.

33. The method of claim 32, wherein the composition
segment 1ncludes mmformation of menu buttons to be dis-
played within a menu screen, and the data definition segment
includes 1image data of the menu buttons.

34. The method of claim 32, wherein the composition
segment and the data definition segment are grouped to a
display set to be composed to a complete screen.

35. The method of claim 32, wherein the presentation time
stamp indicates one of when a segment 1s ready for presen-
tation and when the segment 1s beginning presentation.
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36. An apparatus for reproducing a data structure including
graphic data stream recorded on a recording medium, com-
prising:

reproducing device configured to reproduce graphic data

stream recorded on the recording medium, the graphic
data stream 1ncluding at least one display set, each dis-

play set for a complete display of graphics, the at least
one display set including a composition segment and at

least one data definition segment, each of the segments
to correspond to a single PES (Packetized Elementary

Stream) packet; and

a controller configured to control the reproducing device to
reproduce the display set according to each presentation
time stamp of each segment of the display set,

wherein a presentation time stamp written 1n a PES packet
of the composition segment within the display set is
equal to or greater than a presentation time stamp written
in another PES packet of a first data definition segment
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of the at least one data definition segment within the
display set and 1s smaller than a presentation time stamp
written 1n another PES packet of a last data definition
segment among the one or more data definition segments
within the display set.

377. The apparatus of claim 36, wherein the controller con-
trols the reproducing device to reproduce the composition
segment including information of menu buttons to be dis-
played within a menu screen, and the data definition segment
includes image data of the menu buttons.

38. The apparatus of claim 36, wherein the controller con-
trols the reproducing device to reproduce the composition
segment and the data definition segment grouped to a display
set to be composed to a complete screen.

39. The method of claim 36, wherein the presentation time
stamp indicates one of when a segment 1s ready for presen-
tation and when the segment 1s beginning presentation.
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